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chmllc we arulritis that Is lmresponsive to Mublouc therapy is 8iTsodated VW m imtased flT!quency 
of the HIA-DRI cpidfidty. To detemtne wf&her the imamae response to 8 putiadu polypeptide of lS?o/r& 
bwgdorjat mey be asodded yith treatment-t chronic Qmc art&Us, WV correhtd the didal 
~~dHU-DRrpedfidtlesofrZSpiU~~~~LBmedterre~thdr~~nsertorplrochdal 
polypeptidcs. Antibody reactMy wu detentdaed by Western blottiog &ua~aao&ttiag) with sordated whole 
B. butgdo&i tid tvambhat forms of its eater muface pmtcfas, OspA and OspB, as the aatsgen 
prrpurtioas. Of l5 paUcats monltond for 4 to I2 ycur, II (7%) devdoped stroag hmuaogIob& G 
rrspo~tobolhOrpAMdOIpBaersthe~ofprdongedeplcoderotuthritis,dromSmontbsb7 
g#rrrhu~o~whendpgteWnrmtMpIcs~8oprU~~~~uthritt,~terted,sI 
(71%) rhcmd 8atbody rtacth4ty to reambia8at Osp pmtdq in antcast, uoae of 43 patieats who had 
caythem ndgmas or Lyme meain&is (P c O.OOOOl) oad 1 of5 patients who had duoak aewbomfiosic but 
who never had uthriUs (p = 0.03.) rhovwd aatibody nxthity to these pmteh. Among the 60 ~tibIoticc- 
treated patieats with Qnue uthrU& those with the EIADR4 spedfidty oad Osp nxfhity had orthrk for 
a rign&aatIy longer time after treatment thaa those who hked Ckp rmcthfty (mediaa duration, 9.5 versus 
4 months; Pp 0.009); a similar tread was found for the E&A-DR2 spec&& For other HIA-DR cpedtidties, 
arthritis resolved wlthh a median duratioa of 2 months ln both Osp-ractlve and aonructive patients. We 
condude that the combination of the E&A-DR4 spcdtidty aad OspA orXhpB r~ctivfty is lssodpted with 
duo& adrftis and the lack of a nqonse to antibioUc therapy. 

: 
: 

Lyme discasc, which is caused by the tick-borne spiro- 
. chete Borreh burgdorfen’ (21), usually begins with a local- 
ized i&&ion of the skin, erythema migrans, followed days 
to weeks later by dissemination of the spirochete to many 
sites, including joints (22). Months later, brief attacks of 
artbrids, lasting weeks, may QCCUK in a few large joints and 
sQmetimes may be fouQwcd by prolonged episodes of arthri- 
tis, lasting months (26). PartMarty during the second or 
third years of illness, apprcadmatciy 10% of affected patients 
dcvclop contiuous joiit inUammation for 1 year or longer 
WellWCtCXItXdthiSC0UdithChtlkLylneuthritis(2S, 
26). The histology of the qmvial lesions in these patients is 
similar to that seen in other forms of chronic Mammatory 
arhitis, indudii rheumatoid arthritis (10.23). However, 
even ill untreated padeats, dln-nlic Lyme arthritis usually 
racJlveswithiaseveralycars(26). 

In a previous inun-c study of I30 patients with 
variQus llladfatations of Lyme disease, 57% of those with 
chronic Lyme erthritis had the dass II major histocompati- 
biity compluc (MKC) molecule HIADR4 and 43% had 
HLA-DR2; partiadarly those with HXADR4 often failed to 
respond to antibiotic therapy (24). These observations sug- 
gested that B. bugdu@d may trigger an untoward immune 

:, response, perhaps with autoruictive fcaturcs, in patients 
with particular MHC gene+ leading to chronic Lyme arthri- 
us. 

The allular and humoral immune responses to B. burg- 
dorjkri develop gradually in Lymi dii (1,5,20, 28). In 

patients with erythema migrans, the ahlar responses to B. 
bfqdotji& are often minimal (20). whereas in patients with 
prolonged arthritis, marked reactivity to multiple spirochetal 
antigens is often found (28). Using serial strum sampIes from 
patients seen prior to the use of antibiotic therapy for this 
ihness, many of whom participated in the immunogenetic 
study (24). we showed that the Immoral immune response to 
B. btughfui expands over a period of months to years to 
an inwing array of 10 or more spirocheti poiypcptidcs 
(1,s). In the axrcnt study, our goal war to use thii unique 
et of scmm sampks~to detcrmhte whether the humoral 
respmsc to a particular polypcptide of B. bwguhfui was 
8ssociatcd with chronic Lyme axthritis. 

f 
MA- AND hWXEIODS 

Patieats. For the l30 patients with Lyme disease who 
participated in the previous immunogenetic study (24), single 
serum samples were still available from l23 patientsz 80 had 
arthritis, 17 had meningitis, and 26 had erythema migmns. Of 
the 80 patients with arthritis, 60 had been given antibiotics 
sometime during the course of the arthritiq the remaining 20. 
who had bccn cared for in the 197Os, before the role of 
antibiotic therapy in this illness was known, had not received 
antibiotic treatment. For l5 of the arthritis patients, 10 or 
more serial serum samples were available from discasc onset 
through 4 to 12 years of illness. At the time of examination, 
joint swelhng was rated as severe (score of 4). marked (score 
of 3), moderate (score of 2). or mild (score of 1). The 
HIA-DR specificities of each patient were identitkd in the 
previous study (24) by standard lymphocyte microcytotox- 
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icity testing (16) with a panel of local and exchanged rlloan- 
&era (15). In addition to the serum samples from these 123 
patients, single serum samples from five patients.who had 
chronic aeurobnrretiosis but who nev& had l rthr?is were 
dw tested. For comparison, scmm samples from 36 normal 
CQatrQl wbjeck were tatod. 

Westem blottlag (immaa~. Seturn samples were 
fist tested by Western blottiag with sonicsted spirochetsl 
lysata a~ the antigen prepsrations. Fifty microgr~ of 
conkstad, Tiltered B. bwgdorfcn’ 039140 was loaded on a 
preparative gel (75 by 5 byO.08 cm) and subjected to sodium 
do&@ sulfate-polyauylamide gel electrophoresis with the 
Protean II minigel system (Bio-Rsd, Richmond, CU.) ss 
previously dcscrii (6). Proteins were tmnsferred to Iauao- 
bilon klltezs (polyviaylidene diiuoride [PVDF]; Milliporc, 
Bedford, Mass.) and blocked in blocking buffer (Tris, 0.04 
M; NaCt, 1 M, thimerisal, 0.01%; ‘l&en 20,0.1%; nonfat 
dry milk, 5%; pH 7.5) overnight at 4’c. The filters were cut 
into 2-mm strips, and each strip was incubated with patient 
serum (diluted 1:2SO in blocking buffer) and then with 
alkaline phosphatasecoajugated goat anti-human immuno- 
globulin G (diluted 1:3,000) (Tag0 Inc., Burlingame, Calit), 
each at room temperature for 1 h. Bound antibody was 
detected by incubation of the strips with 175 pg of S-bromo- 
4-chloxx+3-indolyl phosphate and 350 @g of aitroblue tctra- 
zdium per ml in 0.1 M NaHCGs-0.S mhf MgCl, (pH 9.8). 
Sequential serum samples from the same patient were tested 
on strips cut from the same filter. 

Recombhunt Osp protcias. Because initial studies indi- 
cated that the immuaeyresponse to outer surface protein A 
(GspA) sad GspB of B. burgdorfen’ may be associated with 
chronic Lyme arthritis, we constructed and purified hybrid 
proteins containing GspA and OspB. The ospA and ospB 
genes in the plasmid vectors pTRH44 and pTRH46 were 
kindly provided by Alan Barbour (8). Restriction fragments 
containing segments of the ospA and ospB genes were 
insert& at the 3’ end of the mdE gene of Eschepichin coli, 
which encodes maltose binding protein (MBP). Plasmid 
vectors pCG807 and pIH770 carry the m&E gene expressed 
under the control of the inducible promoters P,, and P,,, 
respectively (14). The OspA fusion protein, designated 
MBP-OspA61, lacked the first 60 of the 273 amino acids of 
native GspA. The GspB fusion protein, designated MBP- 
CkpB16, lacked the tirst lS of the 297 amino acids of native 
GspB. The fusion proteins were purified on cross-linked 

smylosc columns as previ-ously dcscrii (11). 
&hi! or single serum samples from 128 patients with 

Lyme disease and from 36 normal control subjects were 
tested with these purified MBP-Osp fusion proteins as the 
antigen preparations in Western blots. The amounts of 
protein loaded on preparative gels were 10 hg of MBP- 
GspA61,0.75 )rg of MBPUspB16. and 5 @g of MBP. In the 
few patients whose serum contained antibodies to MBP, 
Western blotting was repeated after adsorption of the serum 
with MBP. Twenty micrograms of MBP in 20 mM N-2- 
hydroxyethylpiperazine-fV.2.ethanesulfonic acid (HEPES) 
(pH 8.0) was spotted onto nitxxzllulose filters (3 by 5 mm). 
The filters were dried at room temperature for at least 90 
min. The tlhers were then incubated overnight at 4T in 10 *I 
of serum diluted 1:l in phosphate-buffered saline-U% bc- 
vine serum albumin. The adsorbed serum was then used in 
Western blotting. 

Statirtical analysis. The identity of groups was compared 
with the Fisher exact test, and the distribution of values 
among groups was compared with the Wilcoxon rank sum 
test. All P values were two tailed. 

RESULTS 

Developmeat of the antibody response in Lya~e dizuse. ~a 
~1’ dfat to determine the natural history of the atiibody 
=spQ=iaLyme~isuse,wedrrttatedwridfe~ 
mpksfwm~pr~nk~wereatoalmd&the~9fQ 
and1o8os.fmindiionsctthrou&4 touyursofUh,ess- 
T#e courses of these patients were tepresenwtin of the 
range of severity of joint involvement in Lyme ar&r&. Gf 
the Is patieak, S had the HLA-DR4 specificity, 4 had the 
HLA-DR2 specificity, and 6 had other HL&DR speCifici- 
tiea. For seven of the patients, antibiotic therapy had been 
@VW in the 1980s. late ht the COWSC Of Lyme arthritis, aad 
for eight patients, whose illness had resolved by that time, 
antiii~tics had not been given. 

In these 15 patients, the immunoglobulin G antibody 
response to B. bwgdorfui expanded gradually to an in-- 
ing array of @rochetal polypeptides over a period of months 
to years, as determined by Western blotting with sonicated 
spirochecal lysstcs is the satigca prcpsmtioas (the clinical 
course and serial blots for one rcprcscntative patient arc 
shown in Fii. I). Common early reaponacs prior to the oaset 
of arthritis were to the 41.kDa 6agellar protein of the 
spirochete, the 21.kDa OspC protein, and the SS- and 66-kDa 
heat shock proteins. During the initial brief attacks of 
arthritis, the patients coatinucd to show expansion of the 
immnae response to 10 or more spirochetal polypeptides, 
including those at 28 and 30 kDa, but the first attack of 
arthritis did not appear to be associated with the develop- 
ment of reactivity to a particular spirochetal polypeptide. In 
all IS patients, the final point in the expansion of the 
antibody response was the recognition of polypeptides with 
apparent molecular masses of 31 and 34 kDa, and this event 
seemed to occur near the beginning of prolonged periods of 
arthritis. However, since it was diicuh to differentiate the 
responses to the M- and 31-kDa polypeptides, it was un- 
clear, with this methodology, whether the 31-kDa polypep- 
tide response was associated with prolonged periods of 
arthritis. 

Thirty-one and 34 kDa are the molecular masses of the two 
major outer surface proteins of the spirochete, OspA and 
GspB, respectively. To test directly whether the 31- and 
34-kDa polypeptides were indeed GspA and OspB, we 
produced and purified recombinant MBP&P fusion pro- 
teins (see Materials and Methods) and used them in Western 
blots. When the blots wiih each antigen prepti&ion were 
compared, the onset of strong reactivity against the recom- 
binant CkpA and GspB proteins correlated ptecisely with the 
appearance of the 31- and 34-kDa bands on blots with 
sonicated spirochetes (Fii. 1). Sera from 2 of the U patients 
reacted weakly with MBP; this reactivity. but not the 
reactivity with the MBPGsp fusion proteins, was abolished 
by adsorption of the sera with MBP. WC concluded that the 
MRP-OSP fusion proteins could be used to anafyue the OSP 
antibody response in Lyme disease. 

In Western blots with the MBP-Gsp fusion proteins, 11 of 
the 15 patients (73%). including all 9 with the HL&DR4 or 
HLA-DRY specificity, developed strong IgG responses to 
both OspA and OspB near the beginning of their most 
prolonged episodes of arthritis (Fig. 2). This response Oc- 
curred from 5 months to 7 years (median duration, 18 
months) after disease onset. When the recombinant proteins 
were used, it also became apparent that 5 of the 11 patients 
had previously developed weak responses to either OspA or 
OspB before or near the beginning of early. brief episodes of 
arthritis, a median duration of 6 months (range, 3 to 12 
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FIG. 1. Western blots of serial ‘km samples from a rcprcscn- 
tative patient with Lyme disease. This patient had cqthczna m&ans 
followed by brief attack6 of arthritis and then chronic arthritis that 
lasted for 4 yeus. The duration and severity of arthritis, rated on a 
scale of 1 (mild) to 4 @were) on the basis of the diniaf joint 
examination, wcrc co&ted with the immunogbbulin G antiiy 
raoonse ti, 8; m whcu soniatcd spirochetes (third p8ncl) 

montha) after disease onset. The rcmaia& four patients, 6U 
of whom had other HLA-DR spedfkitia, had only brief 
cpisodcs of hthtitia. They developed responses to either 
OspA or OspB, or in one iastana to both, before or during 
the period of joint invo~ment, a median duration of 7 
months (range, 3 to 41 months) after disease onset. 

As the arthritis resdvcd, reactivity to OspA and OspB 
dimfnirhcd, as demonstrated ,by the patient whose course is 
&own4n-Fii~l;-Att57c 7 years after fiiiiah onsc~-2~~~ 

OspB fusion proteins in single serum samples from 128 
patients with various manifestations of Lyme disease and 
from 36 normsl control subjects (Table 1). None of the 43 
patients with cariy manifestations of Lyme disease (crythe- 
ma migrans or meningitis) and none of the 36 nonn6l control 
subjects showed rc.activity with the Osp proteins. Compared 
with these imlividua~s, 57 of the 80 patients (71%) with Lyme 
arthritis showed reactivity to OspA or OspB (P c 0.00001). 
Of the 57 patients, 49 showed reactivity with both OspA and 
OspB, 7 showed reactivity with only OspA, and 1 showed 
rcauivity with only OspB. Compared with the 80 patients 

.l!5 patients developed chronic oeurologic abnotm6litic.s c~F.. with arthritis. only 1 of the 5 patients who had chronic 
the disorder (12). For these two patients, Western blots with ~uroborrcliosis and who never had arthritis showed weak 
6oioniated S&O&&CS 66 the antigen preparations showed no reactivity with the Osp proteins (P = 0.03). 
further wrpaXlSi0n of the immune response after the period qf.. .. Osp ructivtty and Mtment rqouse in Lyme arthritis. In 
@ltitiS (dttti not ShOWtl). 

. . -.- an effort to determine whether reactivity to OspA and OspB 
(h@A ad OiiiB l nt&ody rerpoascs and mrdfestdlotw of was associated with treatment response, we compared clin- 

discrse. WC next looked for reactivity with the OspA and ical and laboratory findings for the 41 @p-reactive and the 
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FIG. 2 Western blots of serial serum samples from three pa- 
tients with chronic Lyme arthritis, dunonstm UDg the range of 
pattoms of nMivity with the MBP-Gsp fusiin proteins. The 
dumioo and severity of arthritis were oorrclated with the IgG 
antiiy msponse to 8. avgdorfai when MBPxkp fusiin pmtcins 
were used 1s the anfigea preparations. After scwxal brief attacks of 
arthritis. patient A. who had the HLA-DRI rpedfidty, generated a 
strong rcqlonse to both Gsp proteins near the bcginnii of pro- 
longed periods of joiit involvement. Patient B, who also had the 
HLA-DR4 spodficity, developed faint reactivity with the GspA 
protein after 3 months of illness along with a first brief auack of 
arthritis. During the sccood year of illness, as the episodes of 
arthritis became longer. strong reactivity to both Gsp proteins 
developed. During the Cftb and sixth years of ~UXICSS. the patient 
again had a prolonged period of arthritis aa~mpanicd by the most 
i&se madivlty with the Gsp proteins. Paticut C, who had the 
HIM-DR2 spcdt%ity, developed faint respoma tirsf to the GspB 
protein and thca to the GspA proteio during brief attacks of artluitis. 
Not until the eighth year of illness did the patient dcvcq strong 
raaivity to the OspA protein and a prolonged period of arthritis.. 
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TABLE 1. Osp reactivity in 128 patients with vah 
manifestations of Lyme disease and in normal control s&j=& i “1, 

hdiiualslestedJwJdisusc 
. . No. (%I of patkots wirh . 

-(n1 
rupoasc to: 

.WB 
p8ticatswith Lyalcdii 

itzggsr” 
0 

Arthritis (so) 
Chronic aeumborreliosis without 

&w 
ii 

1 
y(63Y 

arthritis (5) 

these antigens. statistiad comparisons were meaningless 
since there were so few noarcwtive patients. Twenty-four of 
the 80 patients with arthritis lacked rcactivisy with the 
2&kD~@~tid~ sod 51 lrclced reraivity W;ith h 21-ma 
Ospc pt~@ but the dumtioDs Of UtMti~ did mt differ 
6igdhttw baw6~ prthk who did or did ttot 6how 
rcactivlty with tfle6e antigets. A more thorough a@& of 
this sort must aw6it the development of a large library of 
recombinant borrcIi6I proteins. 

. ‘: 

19 aon-Osp-rca&e patients who had Lyme uthriti6 md 
who were treated with antibiotic therapy (Table 2). Of the lS 
patients from whom serial serum sample6 were available 
throughout the course of the illness, the 7 who were treated 
with antibiotics were indudcd in this analysis. The age and 
sex diitribution6 of the patients and the aatiiiotic regimens 
used were simihr for both Osp-reactive md aoa-06~reac- 
tive patients; each HLA-DR group had a similar frequency 
of Osp-reactive and noa-Osp-reactive patients; and the me- 
dian duration of disease prior to treatment did not differ 
significantly among t& gmups. In the pretreatment period, 
patients who had the HLA-DR4 specificity and showed 
OspA or OspB reactivity had significantly longer cumulative 
peticds of active arthritis than those who lacked Osp reac- 
tivity (median duration, 11-5 versus 3.5 months; P = 0.024). 
Likewise, in the posttreatment period, the Osp-reactive 
patients had arthritis significantly longer than the. aon-Osp- 
reactive patients (median duration, 9.5 versus 4 months; P = 
0.009). A similar tread in the posttreatment response was 
sum for patients with HLA-DR2 (median duration, 4 versus 
1 month; P = 0.073). For other HI-A-DR sp&ificitics, the 
arthritis resolved after treatment within a median duration of 
2 months in both Osp-reactive and non-Osp-reactive pa- 
tients. 

Finally, we attempted to correlate the pre- and posttrcat- 
meat durations of arthritis with the presence or absence of 
reactivity to other spjroc.het6l polypcptides by using blots 
with sonicatcd 8. bwgdorfvi as the antigen preparations 
(data not shown). All or almost all of the patients had 
reactivity to most of the other spirochetal polypeptides; for 

DISCUSSION 

The purpose of the atnW study was to correlate the 
developmen of the humor6I immune rcspmse to B. bwg- 
dorfen’ with the occurctncc of ChroniC L~c arthr& For 
this pItqX?SC, WC U6Cd l tiqU6 set of 6Ct’a that included 
SII@CS from pmriously studied patient6 who were moni- 
tored prior to the use of antibiotic therapy for this illness. 41 
l5 patients fro& whom 6cri6l66mpIcs were available devel- 
opcd aaai tactMy to the S8- urd 66-kDa bomliil heat 
shock proteins cat@ in the iktcss (u). These heat shock 
proteins Show hOIttO~0~ t0 the &O= pr0tCi.a Of E. c&i (4) 
6nd the 65-SiDa beat shodc protein of Mjxwbacte&n cuber- 
u&is (14), which is thought to trigger adjuvant arthritis in 
mk by an autoimmune mecidsm (7). However, the re- 
6poa6a to these bon&I heat shock proteins were not 
associated with the development of Lyme arthritis. 

instead, the dcveIopmeat of prolonged episodes of arthri- 
tis occurred months to year6 later, near the onset of strong 
immunoglobtdin G reactivity to the 31- and 34-kDa polypep 
tides of the spirochete; 31 and 34 kDa arc the molecular 
masses of the OspA and OspB proteins (9). OspA and OspB. 
two of the major outer surface proteins of the spirochete, are 
closely related lipoproteins (3). T&y arc encoded on the 
same linear plasmid (8) and share 53% amino acid homology 
(2). Because it was difficult to distinguish the responses to 
the 31- and 34-kDa polypeptidcs from those directed against 
other borrelial proteins of similar molecular masses (Fig. l), 
we constructed MBP-Osp fusion proteins for use in Western 
blots. Although potential N-terminal epitopcs as well as the 
lipid moiety were lacking in the fusion proteins, none 
seemed to be critical, since the appearance of the 31- and 
34-kDa bands correlated prc&cIy with the onset Of S?rong 
reactivity to the OspA and OspB fusion proteins. Shanafelt 
et al. found tha:-in-a sEtal group of patients with Lyme 
arthritis, antibody to OspA recognized OOIY the carboxy- 
terminal portion of this protein (19). Sears et al. also found 
that set-a from six patients with late Lyme disease bound 

TABLE 2. Duration of arthritis before and after antibiotic treatment in 60 patients l axxding to HIA-DR specificity and OS@ or @pB 
antibody responses 

Total no. (%I of paricnca Medii dunrion (range) of arthritis in the indicated ptients 

HLA who WcrP 
sptcihciw 

Before trutmcln Afur trutmcnt 

w+ OsP- -P’ orq- OlP’ OsP- 

DR4’ 14 w 8 WI 11.5 (l-28r 3.5 (o-11) 9.5 (4-46)d 4 w-9) 
DR2 12 m 5 m 4.5 p-28) 5 (l-9) 4 ww 1 (0.75-q 
Other DR 1s (71) 6 (29) 9 (142) 9 (2-W 2 (o-9) 2 (0.25-12) 

l asp’. asp m4ctin; asp-. non-asp reactive. 
’ The &XC P8tiencE who had both HU-DM and HLA-DRI qxc.$citks mm in&&d only in the WA-OR4 grip. 
= Duration of l thritis befwe tru~mcn~, HU-DR4, Orp* v,xxus alp-, f’ I 0.024. 
’ Duration of arthritis after ttutmem. HU-DM. Osp’ versus Oqt-, P - 0.009; duration of wthritis rRcr cre8tm.n~. 0s~‘. HIA-OR4 WISUI ocher HLA-DR. 

P < 0.001. . 
l Duration of arthritis after trewnenr. HLkDR2. Ckp’ versus Osp-. p - 0.073. 

! 
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primadlytoi!lele&mfospAoon~unino~cidsw3 
to 273, the c-terminal portiori of the protein (18). 

When sin&e serum saa@cs from 128 patients with diffcr- 
enimanifwationsofLymediseaaewcietested#7l%ofthe 
patieiltsyivlthard!ridsbutnoaeofthose~thuriiermmi- 
festatiodsdfthceul;lerrs~stro~~rauivi~witll 
thCOSpAOrOSpBbSiOfbiirotdDj?nd,trrlllOStiIlStW% 
withldiLssitpa5siblethatdlemethodsusedheri:failedto 
identify8i&$onsetotheseproteinsia+ntswitheariier 
Inanif~tiOns iif the illness? our preparatiol.Js of osp pro- 
teinsliiaynothavehadanqao@eMognizedlutyinthe 
ticss, ~iiies geneiated to such an epiiope may not bind 
in Western bldts, or qur kethods may tit have be@ 
sedsitive enoqh to de&t 8 atinimal rcsponsq. I@w&er, the 
importantpoiatisthattherp~~offheIgOtesponseio 
otie or more epito#es present on the OspA and OspB fusion 
~cleiLe&~ near the be$aniilg of prolongaa @sodes 

ln t&tier effoit.io cictmnhe wtkther this association is 
onfy a result of the duration of infection, we att&n$ted to 
develop a control g&up consis@ of patients who had 
dukic newMrr&& but who never had &h&is. Kow- 
w&r, in our experien* this egprkssion of the d@se is 
rarc.ofthefivesuchpaticntsthatwehaveseen;~o~e 
showkd keak yeactiviiiwith the Osp proteiJi& Because the 
onset of. thi stmng antibbdy rcsponsti to OspA &d OspB 
qcatmd nqar the beginning of prolonged episodes of at&i- 
tisatidbecauseth&ecventsocuxred together from 5 
tionths to 7 yeara af&r disease onset, we doubt that this 
aisociation iq sichp& the chatice omurrence of two events 
late in the iline. 

InthCpKCibUS ir&nuno~enetic study of L30 patients with 
Lyme disca+, which was done primariIy i$ serologic typing 
m&mds, chronic LMe arthritis and a lack 6f i-&spouse to 
antibiotic therapy were asskiated with an increased fre- 
ipincy of @e HLA-DR4 specifkity and, skcoadarily. t& 
iiT.A-DR2 specikity (24). Subsequently, the HLA-DR4 
association was co-cd for severi representative #a- 
tients by use of au&Aide sequence typing (ti) and oligo- 
nuc&tide probes (17). H&ever, ,of the fos HIADR2- 
posit& pa&tits whose HLA-DR alIcks were determined by 
the latter method, tivp had DR2 alleles and two had the 
serologically cxoss-react& DPwl3 allele (17). We bdicvc 
hi the we& associatioa LnSweea chronic Lyme arthritis 
and HLkDR2, noted again in the current study (Table 2), 
suggests that only a subgroup of patietits with this serologic 
spdficity are susceptible to chronic Lyme arthritis; the 
act@ uikkcr is pot yet dear. 

The current study shows that the &mbmation of the 
ti-DRi specificity and OspA or OspB reackivity is asso- 
ciated with chronic Lyme arthritis and a lack of re+onse to 
antiiiotic therapy. Is the interpretation of this association 
corifotided by the fad t&at HIA-DR4-positive, Osp-reac- 
tive patieats had a longer pretreatment duration of arthritis 
.than HLA-DR4-positive, non-Osp-reactive patients? We 
tbiak not, since the pr&eatmeat duration of disease, as 
oppos+ to the cumulative duration of attacks of arthritis, 
yas not sigaitic@~ d&rent between these two groups. 
The impotii point is that the HLA-DR4-positive patients 
tith Osp reactivity had continuous arthritis for months or 
years after antibiotic treatment. Thii treatment-resistant 
course may not be diierent from the natural history of the 
illness, since chronic Lyme arthritis usually resolves within 
several years, even without antibiotic treatment (26). In 
contrast. the resolution of arthritis within 1 or 2 months after 

treatmea~ without 8 ~~wrsthecoufic~ 
most of the other patient& suggests a treatment response. 

Chronic Lyme arthritis is one Of the few forms of chronic 
hl8ammatory arthritis la which the causadve agent is known 
withccrtaiaty. Ia~dutbriris;disasesusoeptib~~ 
hasbeenmappedQthetllfdl’lypwbble 
chain of the HLbDR4 amlcudc @‘I), but 
eadogcnouspeptidesthtmryk:pnseatedbythismoIecale 
toin&iatethediseuGusodttedinUxNmensponsercmaina 
mystery. mu! work ltportd here suggests that cert& Jass 
II MKC genes hi combination with the immune response td 
OspA and. OapB of B. fnwgdo#& may play a role & 
pera$tent Lynx& arthritis th& is -iVe to antiiiotic 
therapy. We @ii&e that these clinkal and epidemiologic 
observations will help guide studies aimed at de@ing the 
pathogenetic .rti&* of dtroaic Lyme arthritis. The 
elucidatioa of these &&amsms may aewe as a mcidel for 
iielpll to understand other forma of chronic infiammatory 
arthtitls for which the cause is not yet known. 

I%isworkwassupportcdbygrntrAR-2L)358~dAR~6from 
theNatio+lWtitutcsofH&h~aadhytheEshfFuad.RobertA : 
IWshmyn~gttcd.bjr pubtc Hdtb Setyx. tdniag graot = .. 
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